some understanding of this process, it has not been fully elucidated what the key regulatory factors is contributing to differentiation of uterine stromal cells into decidual cells.
High-mobility group N (HMGN) proteins are ubiquitous nuclear proteins among the HMG superfamily that target chromatin and are the only nuclear proteins shown to specially bind to the nucleosome core particle, the building block of the chromatin fiber. 7 HMGN proteins influence epigenetic modifications and modulate the structure and function of chromatin; thus, they play an important role in transcription. 8 HMGN5 (also known as NSBP1) is a new member of the HMGN protein family and has a unique molecular structure compared to the other members of the HMGN protein family. 9, 10 HMGN5 contains a typical HMGN nucleosome-binding domain and comprises a long C-terminal region. 9, 11 When HMGN5 binds to core nucleosome particles, there is a reduction in the compacting of chromatin fiber, leading to altered transcription. 11 HMGN5 is broadly distributed in various tissues and is mainly located in the nucleus. 9, 10 While transcription profiles indicate that HMGN5 affected the expression of more than 2000 genes, 11 the biological role of HMGN5 is not yet fully characterized.
Sakai et al. reported that structural changes of histones play an important role in human endometrium stromal cells (HESCs)
during the decidualization process. Histone acetyltransferases and histone deacetylases (HDACs) can induce differentiation and have potential as enhancers of decidualization of HESCs. 12 In addition, it has been shown that HMGN5 regulates the endometrial decidualization process in mice. However, the specific role of HMGN5
in HESCs has not yet been clarified. In the last decade, several studies demonstrated microRNAs (miRNAs) had important roles for endometrial decidualization. In addition, we recently identified miR-542-3p as a negative regulatory miRNA of IGFBP1 which was well known as the decidual marker genes. 13 Therefore, this study was undertaken to investigate the expression, regulation, and function of HMGN5 through miR-542-3p during the decidualization of HESCs.
| MATERIAL S AND ME THODS

| Isolation of HESCs and cell culture
The Institutional Review Board of the Saitama Medical University
Hospital approved this study, and informed consent was obtained before tissue collection from all patients. HESCs were obtained from uterine fibroids patients of normal menstrual cycle, and of not receiving hormonal treatment before operation.
HESCs were isolated and cultured as previously described. 4, [13] [14] [15] Decidualization treatments of HESCs were performed by 0. 
| Prolactin measurement
The concentration of PRL in the HESC culture media was measured by the electrogenerated chemiluminescence immunoassay (ECLIA) method using ECLusys Prolactin III reagent and Cobas 6000 (Roche Diagnostics, Basel, Switzerland).
| Transfection of siRNA and miRNA mimics
The siRNA targeting HMGN5 (HS0107792; Takara bio Inc., Japan) was transfected to HESCs using Xfect RNA Transfection Reagent (Takara Shuzo, Shiga, Japan 
HMGN5-forward CTGCCTTCGGCTTTTTTTCTG
HMGN5-reverse AGACAACCTGGCAGATCTTCTC
GAPDH-forward CGACCACTTTGTCAAGCTCA
GAPDH-reverse AGGGGTCTACATGGCAACTG
IGFBP1-forward CTGCGTGCAGGAGTCTGA
IGFBP1-reverse CCCAAAGGATGGAATGATCC
PRL-forward CTACATCCATAACCTCTCCTCA
PRL-reverse GGGCTTGCTCCTTGTCTTC
WNT4-forward CATGCAACAAGACGTCCAAG
WNT4-reverse AAGCAGCACCAGTGGAATTT
| Immunofluorescent staining
HESCs were cultured on cover glass before confluence and treatment with or without decidualization medium 3 days. After 3 days, the cells were fixed by 4% paraformaldehyde and stained using pri- 
| Western blotting
| Statistic analyses
Each experiment was repeated more than three different cell culture preparations (n = 3-6). Statistical analyses were performed by twotailed Student's t-test, and data were indicated by mean ± standard error. P value of <0.05 was considered significant.
| RE SULTS
| HMGN5 expression in HESCs decreased upon decidualization
The efficiency of decidualization of HESCs was confirmed by characteristic morphological changes and evaluating IGFBP1 and PRL mRNA expression, which are widely used as biological decidual . The data represent mean ± standard error. *P < 0.05, ***P < 0.001 markers. 13, [17] [18] [19] [20] As reported previously, 13, 17, [20] [21] [22] 
| miR-542-3p is involved in the decreased expression of HMGN5
HMGN5 binds to core nucleosome particles and can affect transcription. [8] [9] [10] [11] This study demonstrated that loss of HMGN5 expression induces the expression of decidual markers IGFBP-1 and PRL and, as a result, promotes the decidualization process; thus, there is a possibility of a factor responsible for the down-regulation seen between HMGN5 and the decidual marker genes. Recently, we demonstrated that the down-regulation of miR-542-3p promotes decidualization F I G U R E 2 HMGN5 mRNA expression is decreased upon decidualization. HMGN5 expression was determined at 6, 12, 24, and 72 hours by qRT-PCR. Primary HESCs were stimulated in the absence (CTL) or presence of 8-br-cAMP and MPA (8-br-cAMP/MPA). HMGN5 mRNA expression levels were determined by RT-qPCR and normalized to GAPDH. HMGN5 mRNA levels decreased significantly at 12 and 24 hours by decidualization (n = 3-6). The data represent mean ± standard error. *P < 0.05, ***P < 0.001 
| D ISCUSS I ON
Decidualization is characterized by the transformation of endometrial cells into specialized secretory cells, with a distinctive process of vascular remodeling and an influx of immune cells into the stroma, that is, exclusively uterine natural killer cells and macrophages. 3 This process is closely controlled by several factors, including ovarian steroids, growth factors, cytokines, and other signal molecules. 23, 24 Abnormalities in decidualization result in various pregnancy complications, such as recurrent miscarriages, fetal growth restriction, preterm labor, and pre-eclampsia. 3 However, key regulatory factors contributing to the differentiation of uterine stromal cells have not been fully elucidated. Thus, it is worthwhile to clarify the precise mechanism underlying decidualization to facilitate the development of therapeutic strategies for these complications.
In this study, we demonstrated that HMGN5 mRNA expression decreases upon decidualization. The inhibition of HMGN5 expression by HMGN5 siRNA promoted the induction of major decidual marker genes, including IGFBP1 and PRL. Moreover, miR-542-3p expression, which is a known regulator of IGFBP1 expression during decidualization, was significantly suppressed by HMGN5 siRNA. These findings suggest that the down-regulation of HMGN5 expression contributes Shirakawa et al. demonstrated that HMGN5 is highly expressed in mouse trophoblasts, and its expression is related to placental formation. 25 It has recently been reported that HMGN5 expression is induced by decidual stimulation in a mouse in vitro system 26 ; however, this finding contradicts the results of this study. This discrepancy may be due to differences in the species studied or the decidualization protocol used, that is, Li et al. adopted a combination of estradiol and progesterone to induce decidualization, which is a much weaker stimulus than treatment with a cAMP analog and MPA. 18, 19 To the best of our knowledge, this study is the first report to demonstrate that HMGN5 regulates differentiation of HESCs through decidual gene targeting via miR-542-3p expression.
As small non-coding RNAs, miRNAs were identified as regula- however, contrary to our expectation, a reciprocal relationship was found between the expression of HMGN5 and IGFBP-1 during decidualization in this study (Figure 2 ). This finding raised the possibility of a factor responsible for the down-regulation seen between HMGN5
and IGFBP-1. Therefore, we focused on miR-542-3p as a candidate.
In this study, we demonstrated that HMGN5 expression in decid- and further studies are required to resolve this discrepancy.
In conclusion, this study demonstrated that the down-regulation of HMGN5 promotes the differentiation of HESCs through miR-542-3p expression. Our results indicate that HMGN5 is involved in human endometrial decidualization by regulating miR-542-3p expression.
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